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SUBSTITUTE SPECIFICATION 

FUEL ELECTRODE OF SOLID OXIDE FUEL CELL AND 
PROCESS FOR THE PRODUCTION OF THE SAME 

Background of the Invention 

5 1 . Field of the Invention 

The present invention relates to a fuel electrode of 
a solid oxide fuel cell and a process for producing the same. 

2 , Description of the Prior Art 

Fuel cells have recently been noted as energy 

10 sources from the viewpoint of not only saving of resources but 
also influence on the environment. In a solid oxide fuel cell 
(SOFC) , a fuel electrode is disposed on one surface of a solid 
electrolyte layer, while an air electrode is disposed on an 
opposite surface. The cell is constituted of a plurality of 

15 cells electrically connected to one another, with separators 
each laminated between the adjacent cells for distributing 
fuel and oxidizing gas to the cell, and has a higher operation 
temperature of 700 to 1000 °C than other fuel cells to provide 
a higher power generating efficiency. Since all constituting 

20 materials are solid, they can easily be handled. These 
advantages advance practical use. 

A circuit structure of a conventional typical solid 
oxide fuel cell is diagrammat ically shown in Figure 1 together 
with a sectional view of a cell. In Figure 1, a fuel 

25 electrode 2 is formed on one surface of a central solid 

electrolyte layer 1 (upper surface of the solid electrolyte 
layer 1 in Figure 1) , an air electrode 3 is formed on an 
opposite surface, and the electrodes have interfaces 4 and 5 
with the solid electrolyte layer 1, respectively. In the 

30 solid electrolyte layer 1, mainly 8YSZ (YSZ denotes a yttria- 
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stabilized zirconia) or 3YSZ is used. The fuel electrode 2 
and air electrode 3 are connected by an external circuit via a 
load 6. When fuel gases such as hydrogen (H2) , methane (CH4) 
and the like are supplied to the fuel electrode 2, and 
5 oxidizing agents such as air, oxygen (O2) and the like are 
supplied to the air electrode 3, an electromotive force is 
generated between the electrodes, so that current flows to the 
load 6 connected to the external circuit. It is known that in 
this type of solid oxide fuel cell, electrode material 

10 composition and structure have a large influence on cell 
performance, and especially the influence of the fuel 
electrode 2 is large. In the fuel electrode 2, a cermet of 
metal and oxide is generally used. 

As the fuel electrode 2, a mixture of Ni and YSZ 

15 particles, i.e., Ni-YSZ cermet, is known. 

Since the electrode reaction of the solid oxide fuel 
cell is accompanied with a gas phase reaction, as shown in 
Figure 2, the conventional electrode reaction field of the 
fuel electrode 2 is limited to the vicinity of three-phase 

20 lines in which the electrolyte, Ni particles in the cermet and 
gas phase coexist, the current is drawn to the vicinity of the 
three-phase lines, and current density locally increases. 
Moreover, in the conventional fuel electrode 2, Ni particles 
are not uniformly dispersed in the cermet, and electrolyte 

25 films or other fine particles are not present in a small 
amount on surfaces of the Ni particles. Therefore, it is 
difficult to inhibit the Ni particles from being flocculated. 

As a result, a solid oxide fuel cell having the 
conventional fuel electrode has the disadvantages that 

30 (1) since the electrode reaction of the fuel electrode is 

limited to the vicinity of the three-phase lines with the Ni 
particles in the cermet and the gas phase coexisting therein, 
the overvoltage is large, and (2) the flocculation of the Ni 
particles directly causes the deterioration of the fuel cell . 
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Summary of the Invention 

The present invention has been developed to solve 
the above-mentioned problems in the conventional fuel 
electrode, and an object thereof is to provide a fuel 
5 electrode of a solid oxide fuel cell and a producing process 
thereof, in which, by providing metal oxide particles in a 
cermet with electronic conductivity, the field of electrode 
reaction is largely enlarged, flocculation of Ni particles is 
minimized, and power generating performance of the cell can be 
10 enhanced . 

To attain the above-mentioned object, according to a 
first basic aspect of the present invention, there is provided 
a process for producing a fuel electrode of a solid oxide fuel 
cell, each cell comprising a solid electrolyte layer, a fuel 

15 electrode disposed on one surface of the solid electrolyte 

layer, and an air electrode disposed on an opposite surface, 
by alternately laminating a plurality of cells, adjacent cells 
being electrically connected to each other, and a plurality of 
separators for distributing fuel gas to the fuel electrode of 

20 each cell and oxidizing gas to the air electrode, comprising 

the steps of: adding a solution of a metallo-organic compound 
of yttrium (Y) and a solution of a metallo-organic transition- 
metal compound to a solution of a metallo-organic compound of 
zirconium (Zr) to prepare a mixed solution of metallo-organic 

25 compounds of Zr-Y- transition metal; mixing NiO powder into the 
mixed solution of the metallo-organic compounds to prepare a 
slurry; and successively subjecting the slurry to hydrolysis, 
polycondensation, pyrolysis, annealing and reduction to obtain 
a cermet formed of yttria-stabilized zirconia (YSZ, i.e., Ce02- 

30 Y203-Zr02) containing the transition metal dissolved therein, 
and having electronic conductivity in a fuel electrode 
operating atmosphere, and Ni . 

According to a second basic aspect of the present 
invention, there is provided a process for producing a fuel 
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electrode of a solid oxide fuel cell, each cell comprising a 
solid electrolyte layer, a fuel electrode disposed on one 
surface of the solid electrolyte layer, and an air electrode 
disposed on an opposite surface, by alternately laminating a 
5 plurality of cells, adjacent cells being electrically 

connected to each other, and a plurality of separators for 
distributing fuel gas to the fuel electrode of each cell and 
oxidizing gas to the air electrode, comprising the steps of: 
adding a solution of a metallo-organic compound of yttrium (Y) 

10 and a solution of a metallo-organic transition-metal compound 
to a solution of a metallo-organic compound of zirconium (Zr) 
to prepare a mixed solution of metallo-organic compounds of 
Zr-Y- transition metal; mixing NiO powder and cerium oxide 
powder containing a divalent or trivalent metal oxide 

15 dissolved therein to the mixed solution of the metallo-organic 
compounds to prepare a slurry; and successively subjecting the 
slurry to hydrolysis, polycondensat ion, pyrolysis, annealing 
and reduction to obtain a cermet formed of yttria-stabilized 
zirconia (YSZ) containing the transition metal dissolved 

20 therein, nickel (Ni) and cerium oxide containing the divalent 
or trivalent metal dissolved therein. 

The transition metal described in the first and 
second basic aspects is one selected from the group consisting 
of cerium (Ce) , titanium (Ti) and praseodymium (Pr) . 

25 The metallo-organic compound described in the first 

and second basic aspects is one selected from the group 
consisting of metallic octylate, metallic naphthenate, 
metallic stearate and another metallic aliphatic acid salt, 
and metallic acetyl acetonate complex. 

30 The fuel electrode described in the first and second 

basic aspects is formed on a solid electrolyte by a screen 
printing process. 

The concentration of the transition metal in the 
yttria-stabilized zirconia (YSZ) containing the transition 
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metal dissolved therein according to the first and second 
basic aspects is in the range of 1 mol% to 30 mol%. 

The volume fraction of the cerium oxide containing 
the divalent or trivalent metal dissolved therein according to 
5 the second basic aspect is in the range of 1% to 70%. 

The concentration of Ni in the fuel electrode 
according to the first and second basic aspects is in the 
range of 20% to 95% as a volume fraction. 

The concentration of the yttria-stabilized zirconia 
10 containing the transition metal dissolved therein in the 

cermet according to the first and second basic aspects is in 
the range of 1% to 50% as the volume fraction. 

The divalent or trivalent metal oxide according to 
the second basic aspect is one, or a combination of plural 
15 ones, of BeO, MgO, CaO, SrO, BaO, SmaOa , Y2O3, La203, GdsOa, 
SC2O3, PrsOs, Nd203, EU2O3, Yb203, Dy203, and H02O3 . 

The cermet according to the second basic aspect has 
a structure in which surfaces of Ni particles and surfaces of 
cerium oxide particles containing divalent or trivalent metals 
2 0 dissolved therein are covered with YSZ containing the 

transition metal dissolved therein in the form of thin films 
or fine particles. 

The hydrolysis of the first or second basic aspect 
is performed using moisture in air. 
2 5 As materials of the cermet according to the second 

basic aspect, cerium oxide powder containing the divalent or 
trivalent metal dissolved therein, Ni powder and metallic 
octylate solution of Ce, Y and Zr are used, and YSZ fine 
particles containing a fine transition metal dissolved therein 
30 are uniformly dispersed between the cerium oxide particles 

containing the divalent or trivalent metal dissolved therein 
and the Ni particles. In this case, the average particle 
diameter of the Ni particles in the cermet is 1 |j.m or more, 
the average particle diameter of the cerium oxide particles 
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containing the divalent or trivalent metal dissolved therein 
is 1 |im or more, and the average particle diameter of the YSZ 
particles containing the transition metal dissolved therein is 
1 )am or less. 

5 According to a third basic aspect of the present 

invention, there is provided a fuel electrode of a solid oxide 
fuel cell comprising a cermet composed of yttria- stabilized 
zirconia (YSZ) , containing a transition metal dissolved 
therein and having electronic conductivity in a fuel electrode 
10 operating atmosphere, and nickel (Ni) . 

The cermet mentioned in the third basic aspect has a 
structure in which Ni particles and YSZ particles containing 
the transition metal dissolved therein are uniformly 
dispersed . 

15 According to a fourth basic aspect of the present 

invention, there is provided a fuel electrode of a solid oxide 
fuel cell comprising a cermet composed of yttria-stabilized 
zirconia (YSZ) containing a transition metal dissolved therein 
and having electronic conductivity in a fuel electrode 

2 0 operating atmosphere, nickel (Ni) , and cerium oxide containing 
a divalent or trivalent metal dissolved therein. 

According to the fourth basic aspect, the cermet has 
a structure in which surfaces of Ni particles and surfaces of 
cerium oxide particles containing the divalent or trivalent 

25 metal dissolved therein, uniformly dispersed in the cermet, 
are covered with YSZ thin films or fine particles containing 
the transition metal dissolved therein. 

According to the fourth basic aspect, as materials 
of the cermet, cerium oxide powder containing a divalent or 

30 trivalent metal dissolved therein, Ni powder and a metallic 
octylate solution of Ce, Y and Zr are used, and YSZ fine 
particles containing the transition metal dissolved therein 
are uniformly dispersed between the cerium oxide particles 
containing the divalent or trivalent metal dissolved therein 
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and the Ni particles. In the cermet, the average particle 
diameter of the Ni particles is 1 |am or more, the average 
particle diameter of the cerium oxide particles containing the 
divalent or trivalent metal dissolved therein is 1 |a-m or more, 
5 and the average particle diameter of the YSZ particles 

containing the transition metal dissolved therein is 1 |am or 
less . 

As clearly seen from the above-mentioned aspects, 
the present invention is mainly characterized in that: 
10 (a) the transition metal for use in the fuel 

electrode is cerium (Ce) , titanium (Ti) or praseodymium (Pr) 
which easily provides YSZ of the fuel electrode with the 
electronic conductivity; 

(b) the metallo-organic compound for use in the 
15 fuel electrode is a metallic octylate, metallic naphthenate, 

metallic stearate or another metallic aliphatic acid salt, or 
metallic acetyl acetonate complex which is relatively stable 
as compared with other metallo-organic compounds; and 

(c) the fuel electrode is formed on the solid 
20 electrolyte layer by a screen printing process. 

In the present invention, pyrolysis of the metallo- 
organic compound as an oxide film forming process is applied. 
For example, since the pyrolysis as the film forming process 
is applied in synthesizing CeYSZ, a fuel electrode can be 
25 obtained with a structure in which CeYSZ films or fine 

particles are uniformly deposited on surfaces of Ni particles 
and particles of cerium oxide containing the divalent or 
trivalent metal dissolved therein or another metal oxide. 
Therefore, metal and metal oxide particles are uniformly 
30 dispersed without being flocculated. 

The present invention having the above-mentioned 
aspects provides the following effects: 

(1) Since cerium oxide (Ce02) is applied to the fuel 
electrode formed of the cermet of Ni and YSZ, as materials of 
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a YSZ-Ce02 solid-solution (CeYSZ) , metallo-organic compounds 
are used to perform hydrolysis and polycondensation reactions 
in the slurry with Ni, so that Ce02 is dissolved in YSZ, and 
electronic conductivity is developed in CeYSZ. The electrode 
5 reaction is not limited to the vicinity of the three-phase 
lines of the solid electrolyte layer, Ni particles and gas 
phase, but also occurs in a three-phase interface of the solid 
electrolyte layer, YSZ with Ce02 doped therein (CeYSZ) and gas 
phase. Therefore, the field of electrode reaction is 

10 remarkably expanded. Moreover, when the electrode is produced 
in the above-mentioned process, fine particles of YSZ with Ce02 
doped therein are uniformly dispersed around the Ni particles, 
so that the field of electrode reaction is further expanded. 

(2) Reduction of Contact Resistance between the 

15 Electrode and Solid Electrolyte Layer 

According to the present invention, a fuel electrode 
can be obtained with a structure in which the films or the 
fine particles of the electrolyte provided with electronic 
conductivity are uniformly deposited on the surfaces of Ni or 

20 NiO particles or a surface of the solid electrolyte layer as a 
center, so that the Ni or NiO particles are uniformly 
dispersed without being flocculated. Moreover, since the 
pyrolysis of the film forming process is applied in 
synthesizing CeYSZ, the solid electrolyte layer as the center 

25 near the interface and the electrolyte provided with 

electronic conductivity in the fuel electrode are bound with 
each other very strongly, and integrally constructed. 
Therefore, the electrolyte provided with electronic 
conductivity of the fuel electrode grows from the surface of 

30 the central solid electrolyte layer, and the field of the 
electrode reaction is enlarged. Consequently, there is 
provided an electrode small in contact resistance. 
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(3) Reduction of Polarization 

As described in (2) above, since the Ni or NiO 
particles are uniformly dispersed in the cermet, and the 
electrolyte particles in the cermet provided with the 
5 electronic conductivity bind strongly with the solid 

electrolyte layer in the interface, the electrode reaction is 
increased in the structure. Specifically, since an ideal 
electrode structure in which the electrode reaction easily 
occurs is obtained, polarization by the fuel electrode is 
10 remarkably minimized. 

(4) Enhancement of Binding Strength of Central 
Solid Electrolyte Layer and Electrode 

As described in (2) above, since the central solid 
electrolyte layer strongly binds with the electrolyte layer of 

15 the fuel electrode, the binding strength of the electrode and 
solid electrolyte layer is very strong, and the Ni particles 
are uniformly dispersed. The periphery of the Ni particles is 
covered with the electrolyte film or other fine particles, the 
Ni particles are prevented from being flocculated, and the 

20 electrode is prevented from being easily peeled. As a result, 
a long-life electrode is obtained. 

Moreover, according to the present invention, the 
solution of the metallo-organic compound of yttrium (Y) and 
the solution of the metallo-organic transition-metal (M) 

25 compound are added to the solution of the metallo-organic 

compound of zirconium (Zr) to prepare the mixed solution of 
Zr, Y and M. Furthermore, NiO powder is mixed with the cerium 
oxide powder (e.g., SDC powder) containing the divalent or 
trivalent metal oxide, e.g., one or a combination of two or 

30 more of oxides of yttrium (Y) and lanthanoids (La, Nd, Sm, Gd, 
Dy, Ho, Yb and the like) dissolved therein to prepare the 
slurry. In the slurry, hydrolysis, polycondensation, 
pyrolysis, annealing and reduction of the Zr, Y, M mixed salt 
are successively performed to obtain a cermet formed of the 



yttria-stabilized zirconia (YSZ) particles containing the 
transition metal (M) dissolved therein, nickel (Ni) particles, 
and cerium oxide particles containing one, or a combination of 
two or more, of oxides of yttrium (Y) and lanthanoids (La, Nd, 
5 Sm, Gd, Dy, Ho, Yb and the like) dissolved therein. 

Therefore, remarkably superior effects are provided as 
follows : 

The field of the electrode reaction can further be 

enlarged; 

10 Since the electrode having excellent electrode 

performance can be obtained at either high or low operation 
temperature, the solid oxide fuel cell whose performance is 
not impaired by the temperature distribution in the cell can 
be produced; and 

15 Since the Ce02 particles containing the divalent or 

trivalent metal oxide dissolved therein and CeYSZ fine 
particles inhibit the Ni particles from being flocculated with 
one another, a fuel electrode difficult to be deteriorated and 
high in durability can be obtained. 

2 0 These and other objects, features and advantages of 

the present invention will be appreciated by a person skilled 
in the art in the following description of preferred 
embodiments conforming to the principle of the present 
invention in conjunction with the attached drawings. 

2 5 Brief Description of the Drawings 

Figure 1 is a schematic view showing a circuit 
structure of a conventional typical solid oxide fuel cell 
together with a sectional view of a cell; 

Figure 2 is a schematic explanatory view of a 
30 structure of a conventional fuel electrode and an electrode 
reaction thereof; 
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Figure 3 is a schematic explanatory view of a 
structure of a fuel electrode according to an embodiment of 
the present invention and an electrode reaction thereof; 

Figure 4 is a schematic explanatory view of a 
5 structure of a fuel electrode according to another embodiment 
of the present inventions- 
Figure 5 is an explanatory view of a process for 
producing the fuel electrode according to the present 
invention; 

10 Figure 6 is a table showing production and 

evaluation conditions in examples of the present invention and 
comparative examples ; 

Figure 7 is a graph showing a change in cell voltage 
with time when experiments are conducted on fuel electrodes by 

15 Examples 1, 4 and 7 of the present invention and Comparative 
Examples 1, 4 and 7; 

Figure 8 is a graph showing a change in cell voltage 
with time when experiments are conducted on fuel electrodes by 
Examples 2, 5 and 8 of the present invention and Comparative 

2 0 Examples 2, 5 and 8; 

Figure 9 is a graph showing a change in cell voltage 
with time when experiments are conducted on fuel electrodes by 
Examples 3, 6 and 9 of the present invention and Comparative 
Examples 3, 6 and 9; 

25 Figure 10 is a comparative graph of current -voltage 

characteristics of cells at 1000°C using fuel electrodes 
produced on the same conditions as Examples 1 and 4 of the 
present invention and Comparative Example 1; and 

Figure 11 is a comparative graph of current -voltage 

30 characteristics of cells at 900°C using fuel electrodes 

produced on the same conditions as Examples 2 and 5 of the 
present invention and Comparative Example 2. 
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Detailed Description of Specific Exemplary Embodiments 

Several preferred embodiments will be described 
below with reference to the attached drawings. 

First, Figure 5 is an explanatory view of a process 
5 for producing the fuel electrode according to a first 
embodiment of the present invention. 

According to the first embodiment of the present 
invention, an octylate of zirconium (Zr) as a kind of metallo- 
organic compound is prepared, an octylate of yttrium (Y) and 

10 an octylate of cerium (Ce) are further added to prepare a 
mixed solution of Zr-Y-Ce salt, and NiO powder is further 
mixed to prepare a slurry. The slurry is successively 
subjected to hydrolysis, polycondensation, pyrolysis, 
calcining (annealing) and reduction to obtain a mixed material 

15 (cermet) of NiO and CeOa-YaOa-ZrOs (CeYSZ) . 

Furthermore, as a second embodiment of the present 
invention, in addition to the above-mentioned materials, Ce02 
powder containing a divalent or trivalent metal oxide, e.g., 
samaria (Sm203) , dissolved (doped) therein may be mixed. 

20 Additionally, the powder with samaria dissolved therein is 

termed an SDC powder. The second embodiment will be described 
later with reference to Figure 4 . 

Moreover, in the present invention, a solid 
electrolyte forming a solid electrolyte plate as a center of a 

25 cell constituting a fuel cell can be provided with oxygen ion 
conductivity for use by dissolving some percentages to dozens 
of percentages of yttrium oxide (Y2O3) / calcium oxide (CaO) or 
another divalent or trivalent metal oxide in zirconium oxide 
(Zr02) or another tetravalent metal oxide. 

30 As the metallo-organic compound, a relatively stable 

naphthenate, octylate or another aliphatic acid salt, or 
acetyl acetonate complex can be used. As the organic solvent, 
toluene, acetyl acetone or another solvent capable of 
uniformly dissolving the used metallic compound, or a mixed 
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solvent thereof, is used, Additionally, as the transition 
metal, instead of cerium, praseodymium (Pr) or titanium (Ti) 
may be used. 

Additionally, the cermet is produced as described 
5 above in such a manner that the volume ratio of Ni relative to 
the entire cermet is in the range of 0,4 to 0.98. 

As described above, in the first embodiment of the 
present invention, Ce02 is dissolved in YSZ in the fuel 
electrode composed of the cermet of Ni and YSZ. The metallo- 

10 organic compound is used in the material of YSZ-Ce02 to perform 
hydrolysis and polycondensation in the slurry with Ni . Ce02 is 
dissolved in YSZ to provide YSZ with electronic conductivity. 

Figure 3 is a schematic explanatory view showing a 
structure of the fuel electrode as the first embodiment of the 

15 present invention, and an electrode reaction thereof. 

Additionally, in Figure 3, CeYSZ particles 12 are actually 
fine particles, but are enlarged to facilitate understanding. 

In the first embodiment, since Ce02 is dissolved in 
YSZ, electronic conductivity is developed in the CeYSZ 

20 particles 12. Therefore, the electrode reaction is not 

limited to the vicinity of three-phase lines of the solid 
electrolyte layer 1, Ni particles 10 and gas phase but, as 
shown in Figure 3, also occurs in a three-phase interface of 
the solid electrolyte layer 1, YSZ (CeYSZ) particles 12 

2 5 containing Ce02 dissolved therein and gas phase, so that the 
field of electrode reaction is largely expanded as compared 
with the conventional fuel electrode. Furthermore, by using 
the metallo-organic compound as the material to produce the 
electrode in the process of Figure 3, the CeYSZ fine particles 

30 12 containing Ce02 dissolved therein are dispersed in the fuel 
electrode, and the field of electrode reaction is therefore 
expanded further. 

In the present invention, the concentration of the 
transition metal in the yttria-stabilized zirconia (YSZ) 
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containing the transition metal dissolved therein is in the 
range of 1 mol% to 30 mol%. At a concentration of the 
transition metal of less than 1 mol%, the contribution to 
enhancement of the electronic conductivity in YSZ is in the 
5 range of small to provide no effects, while at the 

concentration of 30 mol% or more, the ion conductivity in YSZ 
is inhibited, thereby lowering the electrode performance. 

Moreover, in the present invention, for the volume 
fraction of the yttria-stabilized zirconia containing the 

10 transition metal dissolved therein in the fuel electrode, at 
1% or less no effects are provided, while at 50% or more the 
conductivity of the cermet is lowered. Therefore, it is in 
the range of 1% to 50%. 

Furthermore, the Ni concentration in the fuel 

15 electrode is in the range of 20% to 95% .as a volume fraction. 
At 20% or less, there is no passing of Ni in the fuel 
electrode, and the resistance of the fuel electrode itself is 
increased. At 95% or more, much Ni is flocculated, and the 
fuel electrode is easily deteriorated. 

2 0 Additionally, in the present invention, hydrolysis 

is performed using moisture in air. Water may positively be 
added, but by using the moisture in air to gradually perform 
the hydrolysis, the polymerization degree of the next -step 
polycondensation reaction is easily controlled. 

2 5 A second embodiment of the present invention will 

next be described with reference to Figure 4. 

Figure 4 is a schematic explanatory view of a 
structure of a fuel electrode according to the second 
embodiment of the present invention. As clarified from Figure 

3 0 4, according to the second embodiment, Ce02 particles (SDC 

particles) 11 containing, for example, samaria (Sm203) 
dissolved therein and Ni particles 10 are uniformly dispersed 
on one surface of the solid electrolyte layer 1, and the fuel 
electrode is formed of the cermet with YSZ (CeYSZ) fine 
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particles 12 containing CeOa particles dissolved therein or 
electrolyte films uniformly deposited among the particles. 
Therefore, there is provided a structure in which the SDC 
particles 11 and CeYSZ fine particles 12 inhibit the Ni 
5 particles 10 from being flocculated with one another. 

The process for producing the fuel electrode shown 
in Figure 4 is as follows: 

A solution of a metallo-organic compound of yttrium 
(Y) and a solution of a metallo-organic transition-metal 

10 (tentatively referred to as M) compound are added to a 

solution of a metallo-organic compound of zirconium (Zr) to 
prepare a mixed solution of Zr, Y and M. NiO powder and 
cerium oxide powder containing a divalent or trivalent metal 
oxide dissolved therein are further mixed to prepare a slurry, 

15 In the slurry, hydrolysis, polycondensat ion, pyrolysis, 

annealing and reduction of the mixed salt of Zr, Y, M are 
performed successively to obtain a cermet composed of yttria- 
stabilized zirconia (YSZ) particles containing the transition 
metal dissolved therein, nickel (Ni) particles and cerium 

2 0 oxide particles containing a divalent or trivalent metal 

dissolved therein . 

Also in the second embodimesnt , for the same reasons 
as the first embodiment, the concentration of the transition 
metal in the yttria-stabilized zirconia (YSZ) containing the 
25 transition metal dissolved therein is in the range of 1 mol% 
to 30 mol%, and the volume fraction of the yttria-stabilized 
zirconia containing the transition metal dissolved therein in 
the fuel electrode is in the range of 1% to 50%. Moreover, 
the second embodiment is the same as the first embodiment in 

3 0 that hydrolysis is performed using the moisture in air, and 

the Ni concentration in the fuel electrode is in the range of 
20% to 95%. 

Additionally, in the second embodiment, for the 
cerium oxide containing the divalent or trivalent metal 
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dissolved therein, at a volume fraction of the particles in 
the cermet of less than 1% no effect results from the addition 
of the cerium oxide powder, while at 70% or more the volume 
fraction of the Ni particles is excessively small to lower the 
5 performance as the fuel electrode. Therefore, it is set in 
the range of 1% to 70%. 

Moreover, the divalent or trivalent metal oxide in 
the second embodiment is one, or a combination of plural ones, 
of BeO, MgO, CaO, SrO, BaO, SmaOa , Y2O3, LasOs, Gd203/ SC2O3/ 

10 Pr203, Nd203, EU2O3, Yb203, Dy203, and H02O3 . These metal oxides 
have a function of enhancing the conductivity of cerium oxide. 

Furthermore, the cermet of the present invention has 
a structure in which surfaces of Ni particles and surfaces of 
cerium oxide particles containing divalent or trivalent metals 

15 dissolved therein are covered with the yttria-stabilized 

zirconia containing the transition metal dissolved therein in 
a form of thin films or fine particles. When the surfaces are 
covered with thin films, the flocculation of Ni particles can 
be suppressed. When they are covered with fine particles, the 

20 flocculation of Ni particles is effectively suppressed, and 

the electrode reaction field is further effectively enlarged. 

Examples of the present invention will next be 
described together with comparative examples. 

First, aspects common to the examples and 

25 comparative examples will be described below. As conditions 

for producing the fuel electrode, NiO powder having an average 
particle diameter of 0.9 |im, SDC powder having an average 
particle diameter of 1.5 |am (SDC indicates Ce02 containing 
Sm203 dissolved therein, and its composition formula is 

30 Ceo.8Smo.20i.9) , and a toluene, acetyl acetone solution of cerium 
(Ce) octylate and zirconium octylate (the solution is adjusted 
in such a manner that the composition after pyrolysis is 
(Ce02) o-i{ (Zr02) 0.92 (Y2O3) o.osjo.g) ) are mixed in such a manner that 
the weight ratio after the pyrolysis is 
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NiO:SDC: (Ce02)o.i{ ( ZrOs ) o . 92 ( Y2O3 ) o , 08 } o . 9 = 0 . 8 1 : 0 . 0 9 : 0 . 1 - After 
hydrolysis and polycondensat ion are performed to provide an 
appropriate viscosity, screen printing is performed on the 
solid electrolyte plate. Subsequently, the pyrolysis is 
5 performed at 400°C, post-calcining (annealing) is performed at 
1450°C, and reduction is then performed at 1000°C in a 
reducing atmosphere. On the other hand, as evaluation 
conditions (i.e., trial experimental conditions of a fuel 
cell), air is, used in an oxidizing agent, and an output 
10 current of the fuel cell is 0.3 A/cm^. 
Example 1 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 90 wt% 

YSZ concentration in the cermet: 10 wt% 
15 Amount of Ce dissolved in YSZ: 10 mol% 

Loading of SDC powder: 0 wt% 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 1000 °C 

2 0 Example 2 : 

(1) Other Producing Conditions 

the s ame a s Examp 1 e 1 

(2) Other Evaluation Conditions 

Fuel : hydrogen 
25 Operation temperature: 900 °C 

Example 3 : 

(1) Other Producing Conditions 

the same as Example 1 

(2) Other Evaluation Conditions 

30 Fuel: hydrogen + H2O (21.5%) 

Operation temperature: 1000°C 

Example 4 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 81 wt% 
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YSZ concentration in the cermet: 10 wt% 

Amount of Ce dissolved in YSZ: 10 mol% (Material of 

CeYSZ: metallo-organic compound) (particle diameter of 1 ^m 

or less) 

5 Loading of SDC powder: 9 wt% (Material of SDC : SDC 

powder (particle diameter of some microns) ) 
(2) Other Evaluation Conditions 
Fuel : hydrogen 

Operation temperature: 1000 °C 

10 Example 5: 

(1) Other Producing Conditions 

the same as Example 4 

(2) Other Evaluation Conditions 

Fuel : hydrogen 
15 Operation temperature: 900*^C 

Example 6: 

(1) Other Producing Conditions 

the s ame a s Examp 1 e 4 

(2) Other Evaluation Conditions 

20 Fuel: hydrogen + H2O (2(1)5%) 

Operation temperature: 1000 °C 

Example 7 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 60 wt% 

25 YSZ concentration in the cermet: 10 wt% 

Amount of Ce dissolved in YSZ: 10 mol% (Material of 
CeYSZ: metallo-organic compound) (particle diameter of 1 |am 
or less) 

Loading of SDC powder: 10 wt% (Material of SDC: 
30 SDC powder (particle diameter of some microns) ) 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 1000 °C 
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Example 8 : 

(1) Other Producing Conditions 

the same as Example 7 

(2) Other Evaluation Conditions 
5 Fuel : hydrogen 

Operation temperature: 900*^C 

Example 9 : 





(1) 


Other Producing Conditions 








the same as Example 7 




10 


(2) 


Other Evaluation Conditions 








Fuel: hydrogen + H2O (2(1)5%) 








Operation temperature: 1000°C 






Comparative Example 1: 






(1) 


Other Producing Conditions 




15 




Ni concentration in the cermet: 


9 0 wt% 






YSZ concentration in the cermet: 


10 wt% 






Amount of Ce dissolved in YSZ: 


0 mol% 






Loading of SDC powder: 


0 wt% 




(2) 


Other Evaluation Conditions 




20 




Fuel : hydrogen 








Operation temperature: lOOO^C 






Comparative Examole 2 : 






(1) 


Other Producing Conditions 








the same as Comparative Example 1 




25 


(2) 


Other Evaluation Conditions 





Fuel : hydrogen 
Operation temperature: 900 °C 
Comparative Example 3 : 

(1) Other Producing Conditions 

3 0 the same as Comparative Example 1 

(2) Other Evaluation Conditions 

Fuel: hydrogen + H2O (2(1)5%) 
Operation temperature: lOOO^C 
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Comparative Example 4 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 81 Wt% 

YSZ concentration in the cermet: 19 wt% 
5 Amount of Ce dissolved in YSZ: 0 mol% 

Loading of SDC powder: 0 wt% 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 1000*^C 
10 Comparative Example 5 : 

(1) Other Producing Conditions 

the same as Comparative Example 1 

(2) Other Evaluation Conditions 

Fuel : hydrogen 
15 Operation temperature: 900^C 

Comparative Example 6: 

(1) Other Producing Conditions 

the same as Comparative Example 1 

(2) Other Evaluation Conditions 

20 Fuel: hydrogen + H2O (2(1)5%) 

Operation temperature: 1000 °C 
Comparative Example 7 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 60 wt% 

25 YSZ concentration in the cermet: 40 wt% 

Amount of Ce dissolved in YSZ: 0 mol% 

Loading of SDC powder: 0 wt% 

(2) Other Evaluation Conditions 

Fuel : hydrogen 
3 0 Operation temperature: 100 0 °C 

Comparative Example 8 : 

(1) Other Producing Conditions 

the same as Comparative Example 7 

(2) Other Evaluation Conditions 
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Fuel : hydrogen 
Operation temperature: 900°C 
Comparative Example 9: 

(1) Other Producing Conditions 

5 the same as Comparative Example 1 

(2) Other Evaluation Conditions 

Fuel : hydrogen 
Operation temperature: 900°C 
Figure 6 is a table showing production and 
10 evaluation conditions in the examples of the present invention 
and the conventional comparative examples. 

Additionally, Examples 1 to 9 correspond to the fuel 
electrodes of the present invention, while Comparative 
Examples 1 to 9 indicate conventional examples. 
15 Figures 7, 8 and 9 show changes in cell voltage with 

time when experiments are conducted on the fuel electrodes 
according to the above-mentioned examples of the present 
invention and the conventional comparative examples. In the 
drawings, an ordinate axis shows the cell voltage (v) , and an 
20 abscissa axis shows an operation time. 

Figure 7 is a graph of the experiments on the fuel 
electrodes by Examples 1, 4 and 7 of the present invention and 
conventional Comparative Examples 1, 4 and 7. 

Figure 8 is a graph of the experiments on the fuel 
25 electrodes by Examples 2, 5 and 8 of the present invention and 
conventional Comparative Examples 2, 5 and 8. 

Figure 9 is a graph of the experiments on the fuel 
electrodes by Examples 3, 6 and 9 of the present invention and 
conventional Comparative Examples 3, 6 and 9. 
30 The following is seen from Figure 7. When hydrogen 

is used in the fuel, the examples of the present invention are 
superior to the conventional comparative examples in both 
initial performance and durability at 1000*^C. This is because 
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there are many electrode reaction fields , and the f locculation 

of Ni particles is prevented. 

The following is seen from Figure 8. Even when the 

temperature is lowered to 900*^C, the examples of the present 
5 invention are superior to the conventional comparative 

examples in both initial performance and durability. 

Moreover, voltage drops from the lowering of the temperature 

are smaller than Comparative Examples 2, 5 and 8. This 

indicates that the fuel electrode of the present invention has 
10 a low temperature and many electrode reaction fields. 

Especially, it is seen that the performance of the electrode 

loaded with SDC powder is high at 90 0^C. 

It is seen from Figure 9 that even when a mixture 

gas of hydrogen and steam is used in the fuel, the examples of 
15 the present invention are superior to the conventional 

comparative examples in both initial performance and 

durability . 

Figure 10 is a comparative graph of current -voltage 
characteristics of cells at 1000°C using fuel electrodes 
2 0 produced in the same producing process as Examples 1 and 4 of 
the present invention and Comparative Example 1. 

It is seen from Figure 10 that the cell having the 
fuel electrode according to the present invention has a small 
voltage drop when currents are increased, and a small inner 
25 resistance. 

Figure 11 is a comparative graph of current -voltage 
characteristics of cells at 900°C using fuel electrodes 
produced in the same producing process as Examples 2 and 5 of 
the present invention and Comparative Example 2 . 
30 It is seen from Figure 11 that the cell having the 

fuel electrode according to the present invention has a small 
inner resistance even at 900°C. 

Additionally, in the above description, the present 
invention has been disclosed as the fuel electrode and the 
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producing process thereof, but it can be applied to an oxygen 
sensor and a producing process thereof . 

SF 1254234 vl 
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FUEL ELECTRODE OF SOLID OXIDE FUEL CELL AND 
PROCESS FOR THE PRODUCTION OF THE SAME 

Background of the Invention 

1 . Field of the Invention TQchnical Field ; 

The present invention relates to a fuel electrode of 
a solid oxide fuel cell and a process for producing the same. 

Daclcground Art : 2 . Description of the Prior Art 

Fuel cells have recently been noted as energy 
sources from the viewpoint of not only saving of oourcco 
resources but also influcncco on cnvironmcnto influence on the 
environment. In a solid oxide fuel cell (SOFC) , a fuel 
electrode is disposed on one surface of a solid electrolyte 
layer, while an air electrode is disposed on an opposite 
surface. The cell is constituted of a plurality of cells 
electrically connected to one another, with separators each 
laminated between the adjacent cells for distributing fuel and 
oxidizing gas to the cell, and has a higher operation 
temperature of 700 to 1000°C than other fuel cells to provide 
a higher power generating efficiency. Since all constituting 
materials are solid, they can easily be handled. These 
advantages advance practical use. 

A circuit structure of a conventional typical solid 
oxide fuel cell is diagrammatically shown in Fig . Figure 1 
together with a sectional view of a cell. In Fig . Figure 1, a 
fuel electrode 2 is formed on one surface of a central solid 
electrolyte layer 1 (upper surface of the solid electrolyte 
layer 1 in Fig . Figure 1) , an air electrode 3 is formed on an 
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opposite surface, and the electrodes have interfaces 4 and 5 
with the solid electrolyte layer 1, respectively. In the 
solid electrolyte layer 1, mainly 8YSZ (YSZ denotes a yttria- 
stabilized zirconia) or 3YSZ is used. The fuel electrode 2 
and air electrode 3 are connected by an external circuit via a 
load 6. When fuel gases such as hydrogen (H2) , methane (CH4) 
and the like are supplied to the fuel electrode 2, and 
oxidizing agents such as air, oxygen (O2) and the like are 
supplied to the air electrode 3, an electromotive force is 
generated between the electrodes, so that currcnta flow 
current flows to the load 6 connected to the external circuit. 
It is known that in this type of solid oxide fuel cell, 
electrode material composition and structure have a large 
influence on cell performance, and especially the influence of 
the fuel electrode 2 is large. In the fuel electrode 2, a 
cermet of metal and oxide is generally used. 

As the fuel electrode 2, a mixture of Ni and YSZ 
particles, i.e., Ni-YSZ cermet, is known. 

Since the electrode reaction of the solid oxide fuel 
cell is accompanied with the reaction with a gas phase 
reaction, as shown in Fig . Figure 2, the conventional 
electrode reaction field of the fuel electrode 2 is limited to 
the vicinity of three-phase lines in which the electrolyte, Ni 
particles in the cermet and gas phase coexist, the current is 
drawn to the vicinity of the three-phase lines, and current 
density locally increases. Moreover, in the conventional fuel 
electrode 2, Ni particles are not uniformly dispersed in the 
cermet, and electrolyte films or other fine particles are not 
present in a small amount on surfaces of the Ni particles. 
Therefore, it is difficult to inhibit the Ni particles from 
being flocculated . 

As a result, the a solid oxide fuel cell having the 
conventional fuel electrode has the disadvantages that (1) 
oincQ (1) since the electrode reaction of the fuel electrode is 



3 



limited to the vicinity of the three-phase lines with the Ni 
particles in the cermet and the gas phase coexisting therein, 
etft the overvoltage is large, and (2) the flocculation of the 
Ni particles directly causes the deterioration of the fuel 
cell . 

DioGloourc Summary of the Invention-;- 

The present invention has been developed to solve 
the above-mentioned problems in the conventional fuel 
electrode, and an object thereof is to provide a fuel 
electrode of a solid oxide fuel cell and a producing process 
thereof, in which, by providing metal oxide particles in a 
cermet with electronic conductivity, the field of electrode 
reaction is largely enlarged, flocculation of Ni particles is 
minimized, and power generating performance of the cell can be 
enhanced. 

To attain the above-mentioned other object, 
according to a first basic aspect of the present invention, 
there is provided a process for producing a fuel electrode of 
a solid oxide fuel cell, each cell comprising a solid 
electrolyte layer, a fuel electrode disposed on one surface of 
the solid electrolyte layer, and an air electrode disposed on 
an opposite surface, by alternately laminating a plurality of 
cells, adjacent cells being electrically connected to each 
other, and a plurality of separators for distributing fuel gas 
to the fuel electrode of each cell and oxidizing gas to the 
air electrode, comprising the steps of: adding a solution of 
a metallo-organic compound of yttrium (Y) and a solution of a 
metallo-organic transition-metal compound to a solution of a 
metallo-organic compound of zirconium (Zr) to prepare a mixed 
solution of metallo-organic compounds of Zr-Y- transition 
metal; mixing NiO powder into the mixed solution of the 
metallo-organic compounds to prepare a slurry; and 
successively subjecting the slurry to hydrolysis. 
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polycondensation, pyrolysis, annealing and reduction to obtain 
a cermet formed of yttria-stabilized zirconia (YSZ, i.e., Ce02- 
Y203-Zr02) containing the transition metal dissolved therein, 
and having electronic conductivity in a fuel electrode 
operating atmosphere, and Ni . 

According to a second basic aspect of the present 
invention, there is provided a process for producing a fuel 
electrode of a solid oxide fuel cell, each cell comprising a 
solid electrolyte layer, a fuel electrode disposed on one 
surface of the solid electrolyte layer, and an air electrode 
disposed on an opposite surface, by alternately laminating a 
plurality of cells, adjacent cells being electrically 
connected to each other, and a plurality of separators for 
distributing fuel gas to the fuel electrode of each cell and 
oxidizing gas to the air electrode, comprising the steps of: 
adding a solution of a metallo-organic compound of yttrium (Y) 
and a solution of a metallo-organic transition-metal compound 
to a solution of a metallo-organic compound of zirconium (Zr) 
to prepare a mixed solution of metallo-organic compounds of 
Zr-Y- transition metal; mixing NiO powder and cerium oxide 
powder containing a divalent or trivalent metal oxide 
dissolved therein to the mixed solution of the metallo-organic 
compounds to prepare a slurry; and successively subjecting the 
slurry to hydrolysis, polycondensat ion, pyrolysis, annealing 
and reduction to obtain a cermet formed of yttria-stabilized 
zirconia (YSZ) containing the transition metal dissolved 
therein, nickel (Ni) and cerium oxide containing the divalent 
or trivalent metal dissolved therein. 

The transition metal described in the first and 
second basic aspects is one selected from the group consisting 
of cerium (Ce) , titanium (Ti) and praseodymium (Pr) . 

The metallo-organic compound described in the first 
and second basic aspects is one selected from the group 
consisting of metallic octylate, metallic naphthenate. 
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metallic stearate and another metallic aliphatic acid salt, 
and metallic acetyl acetonate complex. 

The fuel electrode described in the first and second 
basic aspects is formed on a solid electrolyte by a screen 
printing process. 

The concentration of the transition metal in the 
yttria-stabilized zirconia (YSZ) containing the transition 
metal dissolved therein according to the first and second 
basic aspects is in the range of 1 mol% to 30 mol%. 

The volume fraction of the cerium oxide containing 
the divalent or trivalent metal dissolved therein according to 
the second basic aspect is in the range of 1% to 70%. 

The concentration of Ni in the fuel electrode 
according to the first and second basic aspects is in the 
range of 20% to 95% efe- as a volume fraction. 

The concentration of the yttria-stabilized zirconia 
containing the transition metal dissolved therein in the 
cermet according to the first and second basic aspects is in 
the range of 1% to 50% et- as the volume fraction. 

The divalent or trivalent metal oxide according to 
the second basic aspect is one, or a combination of plural 
ones, of BeO, MgO, CaO, SrO, BaO, Sm203 , Y2O3, La203, Gd203, 
SC2O3, Pr203, Nd203, EU2O3, Yb203, Dy203 , and H02O3 . 

The cermet according to the second basic aspect has 
a structure in which surfaces of Ni particles and surfaces of 
cerium oxide particles containing divalent or trivalent metals 
dissolved therein are covered with YSZ containing the 
transition metal dissolved therein in ar the form of thin films 
or fine particles. 

The hydrolysis of the first or second basic aspect 
is performed using moisture in air. 

As materials of the cermet according to the second 
basic aspect, the cerium oxide powder containing the divalent 
or trivalent metal dissolved therein, Ni powder and metallic 
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octylate solution of Ce, Y and Zr are used, and YSZ fine 
particles containing a fine transition metal dissolved therein 
are uniformly dispersed between the cerium oxide particles 
containing the divalent or trivalent metal dissolved therein 
and the Ni particles. In this case, eft the average particle 
diameter of the Ni particles in the cermet is 1 jam or more, 
the average particle diameter of the cerium oxide particles 
containing the divalent or trivalent metal dissolved therein 
is 1 |am or more, and the average particle diameter of the YSZ 
particles containing the transition metal dissolved therein is 
1 jam or less. 

According to a third basic aspect of the present 
invention, there is provided a fuel electrode of a solid oxide 
fuel cell comprising a cermet composed of yttria-stabilized 
zirconia (YSZ) , containing a transition metal dissolved 
therein and having electronic conductivity in a fuel electrode 
operating atmosphere, and nickel (Ni) . 

The cermet mentioned in the third basic aspect has a 
structure in which Ni particles and YSZ particles containing 
the transition metal dissolved therein are uniformly 
dispersed . 

According to a fourth basic aspect of the present 
invention, there is provided a fuel electrode of a solid oxide 
fuel cell comprising a cermet composed of yttria-stabilized 
zirconia (YSZ) containing a transition metal dissolved therein 
and having electronic conductivity in a fuel electrode 
operating atmosphere, nickel (Ni) , and cerium oxide containing 
a divalent or trivalent metal dissolved therein. 

According to the fourth basic aspect, the cermet has 
a structure in which surfaces of Ni particles and surfaces of 
cerium oxide particles containing the divalent or trivalent 
metal dissolved therein, uniformly dispersed in the cermet, 
are covered with YSZ thin films or fine particles containing 
the transition metal dissolved therein. 
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According to the fourth basic aspect, as materials 
of the cermet, cerium oxide powder containing a divalent or 
trivalent metal dissolved therein, Ni powder and a metallic 
octylate solution of Ce, Y and Zr are used, and YSZ fine 
particles containing the transition metal dissolved therein 
are uniformly dispersed between the cerium oxide particles 
containing the divalent or trivalent metal dissolved therein 
and the Ni particles. In the cermet, the average particle 
diameter of the Ni particles is 1 )Lim or more, the average 
particle diameter of the cerium oxide particles containing the 
divalent or trivalent metal dissolved therein is 1 \xxn or more, 
and the average particle diameter of the YSZ particles 
containing the transition metal dissolved therein is 1 |Lim or 
less . 

As clearly seen from the above-mentioned aspects, 
the present invention is mainly characterized in that: 

(a) the transition metal for use in the fuel 
electrode is cerium (Ce) , titanium (Ti) or praseodymium (Pr) 
which easily provides YSZ of the fuel electrode with the 
electronic conductivity; 

(b) the metallo-organic compound for use in the 
fuel electrode is a metallic octylate, metallic naphthenate, 
metallic stearate or another metallic aliphatic acid salt, or 
metallic acetyl acetonate complex which is relatively stable 
as compared with other metallo-organic compounds; and 

(c) the fuel electrode is formed on the solid 
electrolyte " layer by a screen printing process. 

(d) In the present invention, pyrolysis of the 
metallo-organic compound as an oxide film forming process is 
applied. For example, since the pyrolysis as the film forming 
process is applied in synthesizing CeYSZ, a fuel electrode can 
be obtained with a structure in which CeYSZ films or fine 
particles are uniformly deposited on surfaces of Ni particles 
and particles of cerium oxide containing the divalent or 
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trivalent metal dissolved therein or another metal oxide. 
Therefore, metal and metal oxide particles are uniformly 
dispersed without being flocculated. 

The present invention having the above-mentioned 
aspects provides the following effects: 

(1) Since cerium oxide (CeOa) is applied to the fuel 
electrode formed of the cermet of Ni and YSZ, as materials of 
a YSZ-Ce02 solid-solution (CeYSZ) , metallo-organic compounds 
are used to perform hydrolysis and polycondensat ion reaction 
reactions in the slurry with Ni , so that Ce02 is dissolved in 
YSZ, and the electronic conductivity is developed in CeYSZ. 
The electrode reaction is not limited to the vicinity of the 
three-phase lines of the solid electrolyte layer, Ni particles 
and gas phase, and but also occurs in a three-phase interface 
of the solid electrolyte layer, YSZ with Ce02 doped therein 
(CeYSZ) and gas phase. Therefore, the field of electrode 
reaction is remarkably expanded. Moreover, when the electrode 
is produced in the above-mentioned process, fine particles of 
YSZ with Ce02 doped therein are uniformly dispersed around the 
Ni particles, so that the field of electrode reaction is 
further expanded. 

(2) Reduction of Contact Resistance between the 
Electrode and Solid Electrolyte Layer 

According to the present invention, the a fuel 
electrode can be obtained with a structure in which the films 
or the fine particles of the electrolyte provided with the 
electronic conductivity are uniformly deposited on the 
surfaces of Ni or NiO particles or a surface of the solid 
electrolyte layer as a center, so that the Ni or NiO particles 
are uniformly dispersed without being flocculated. Moreover, 
since the pyrolysis of the film forming process is applied in 
synthesizing CeYSZ, the solid electrolyte layer as the center 
near the interface and the electrolyte provided with the 
electronic conductivity in the fuel electrode are bound with 
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each other very strongly, and integrally constructed. 
Therefore, the electrolyte provided with the electronic 
conductivity of the fuel electrode grows from the surface of 
the central solid electrolyte layer, and the field of the 
electrode reaction is enlarged. Consequently, there is 
provided an electrode small in contact resistance. 

(3) Reduction of Polarization 

As described in the (2 ) above ( 2 ) , since the Ni or NiO 
particles are uniformly dispersed in the cermet, and the 
electrolyte particles in the cermet provided with the 
electronic conductivity binds bind strongly with the solid 
electrolyte layer in the interface, the electrode reaction is 
increased in the structure. Specifically, since an ideal 
electrode structure in which the electrode reaction easily 
occurs is obtained, the polarization by the fuel electrode is 
remarkably minimized. 

(4) Enhancement of Binding Strength of Central 
Solid Electrolyte Layer and Electrode 

As described in the (2 ) above (2 ) , since the central 
solid electrolyte layer strongly binds with the electrolyte 
layer of the fuel electrode, the binding strength of the 
electrode and solid electrolyte layer is very strong, and the 
Ni particles are uniformly dispersed. The periphery of the Ni 
particles is covered with the electrolyte f ilma film or other 
fine particles, the Ni particles are prevented from being 
flocculated, and the electrode is prevented from being easily 
peeled. As a result, a long-life electrode is obtained. 

Moreover, according to the present invention, the 
solution of the metallo-organic compound of yttrium (Y) and 
the solution of the metallo-organic transition-metal (M) 
compound are added to the solution of the metallo-organic 
compound of zirconium (Zr) to prepare the mixed solution of 
Zr, Y and M. Furthermore, NiO powder is mixed with the cerium 
oxide powder (e.g., SDC powder) containing the divalent or 
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trivalent metal oxide, e.g., one or a combination of two or 
more of oxides of yttrium (Y) and lanthanoids (La, Nd, Sm, Gd, 
Dy, Ho, Yb and the like) dissolved therein to prepare the 
slurry. In the slurry, the hydrolysis, polycondensation, 
pyrolysis, annealing and reduction of the Zr, Y, M mixed salt 
are successively performed to obtain the a cermet formed of 
the yttria-stabilized zirconia (YSZ) particles containing the 
transition metal (M) dissolved therein, nickel (Ni) particles, 
and cerium oxide particles containing one, or a combination of 
two or more, of oxides of yttrium (Y) and lanthanoids (La, Nd, 
Sm, Gd, Dy, Ho, Yb and the like) dissolved therein. 
Therefore, remarkably superior effects are provided as 
follows : 

(5) The field of the electrode reaction can further 
be enlarged-:-; 

(G) Since the electrode having excellent electrode 
performance can be obtained at either high or low operation 
temperature, the solid oxide fuel cell whose performance is 
not be impaired by the temperature distribution in the cell 
can be produced; and— 

(7) Since the Ce02 particles containing the divalent 
or trivalent metal oxide dissolved therein and CeYSZ fine 
particles inhibit the Ni particles from being flocculated with 
one another, the a fuel electrode difficult to be deteriorated 
and high in durability can be obtained. 

These and other objects, features and advantages of 
the present invention will be appreciated by the a person 
skilled pcroon in the art in the following description of 
preferred embodiments conforming to the principle of the 
present invention in conjunction with the attached drawings. 



Brief Description of the Drawings 
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Fig . Figure 1 is a schematic view showing a circuit 
structure of a conventional typical solid oxide fuel cell 
together with a sectional view of a cell; 

Fig . Figure 2 is a schematic explanatory view of a 
structure of a conventional fuel electrode and an electrode 
reaction thereof; 

Fig . Figure 3 is a schematic explanatory view of a 
structure of a fuel electrode according to an embodiment of 
the present invention and an electrode reaction thereof; 

Fig . Figure 4 is a schematic explanatory view of a 
structure of a fuel electrode according to another embodiment 
of the present invention; 

Fig . Figure 5 is an explanatory view of a process 
for producing the fuel electrode according to the present 
invention; 

Fig . Figure 6 is a table showing producing 
production and evaluation conditions in examples of the 
present invention and comparative examples; 

Fig . Figure 7 is a graph showing a change in cell 
voltage with time when experiments are conducted on fuel 
electrodes by Examples 1, 4-r and 7 of the present invention 
and Comparative Examples 1, 4— and 7; 

Fig . Figure 8 is a graph showing a change in cell 
voltage with time when experiments are conducted on fuel 
electrodes by Examples 2, 5— and 8 of the present invention 
and Comparative Examples 2, 5— and 8; 

Fig . Figure 9 is a graph showing a change in cell 
voltage with time when experiments are conducted on fuel 
electrodes by Examples 3, 6— and 9 of the present invention 
and Comparative Examples 3, 6— and 9; 

Fig . Figure 10 is a comparative graph of current - 
voltage characteristics of cells at lOOO^C using fuel 
electrodes produced on the same conditions as Examples 1— and 
4 of the present invention and Comparative Example 1; and 
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Fig . Figure 11 is a comparative graph of current - 
voltage characteristics of cells 4^ at 900°C using fuel 
electrodes produced on the same conditions as Examples 2— and 
5 of the present invention and Comparative Example 2 . 

Dcot Mode for Embodying the Invcntie flrt- Detailed Description of 

Specific Exemplary Embodiments 

Several preferred embodiments will be described 
below with reference to the attached drawings. 

First, Fig , Figure 5 is an explanatory view of a 
process for producing the fuel electrode according to a first 
embodiment of the present invent ion-r. 

According to the first embodiment of the present 
invention, an octylate of zirconium (Zr) as a kind of metallo- 
organic compound is prepared, an octylate of yttrium (Y) and 
an octylate of cerium (Ce) are further added to prepare a 
mixed solution of Zr-Y-Ce salt, and NiO powder is further 
mixed to prepare a slurry. The slurry is successively 
subjected to hydrolysis, polycondensation, pyrolysis, 
calcining (annealing) and reduction to obtain a mixed material 
(cermet) of NiO and Ce02-Y203-Zr02 (CeYSZ) . 

Furthermore, as a second embodiment of the present 
invention, in addition to the above-mentioned materials, Ce02 
powder containing a divalent or trivalent metal oxide, e.g., 
samaria (Sm203) , dissolved (doped) therein may be mixed. 
Additionally, the powder with samaria dissolved therein is 
termed ae an SDC powder. The second embodiment will be 
described later with reference to Fig . Figure 4 . 

Moreover, in the present invention, a solid 
electrolyte forming a solid electrolyte plate as a center of a 
cell constituting a fuel cell can be provided with oxygen ion 
conductivity for use by dissolving some percentages to dozens 
of percentages of yttrium oxide (Y2O3) , calcium oxide (CaO) or 
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another divalent or trivalent metal oxide in zirconium oxide 
(Zr02) or another tetravalent metal oxide. 

As the metallo-organic compound, a relatively stable 
naphthenate, octylate or another aliphatic acid salt, or 
acetyl acetonate complex can be used. As the organic solvent, 
toluene, acetyl acetone or another solvent capable of 
uniformly dissolving the used metallic compound, or a mixed 
solvent thereof, is used. Additionally, as the transition 
metal, instead of cerium, praseodymium (Pr)— or titanium (Ti) 
may be used. 

Additionally, the cermet is produced as described 
above in such a manner that the volume ratio of Ni relative to 
the entire cermet is in the range of 0.4 to 0.98. 

As described above, in the first embodiment of the 
present invention, Ce02 is dissolved in YSZ in the fuel 
electrode composed of the cermet of Ni and YSZ. The metallo- 
organic compound is used in the material of YSZ-Ce02 to perform 
hydrolysis and polycondensation in the slurry with Ni— • Ce02 
is dissolved in YSZ to provide YSZ with electronic 
conductivity . 

Fig . Figure 3 is a schematic explanatory view 
showing a structure of the fuel electrode as the first 
embodiment of the present invention, and an electrode reaction 
thereof. Additionally, in Fig . Figure 3, CeYSZ particles 12 
are actually fine particles, but are enlarged to facilitate 
understanding . 

In the first embodiment, since Ce02 is dissolved in 
YSZ, the electronic conductivity is developed in the CeYSZ 
particles 12. Therefore, the electrode reaction is not 
limited to the vicinity of three-phase lines of the solid 
electrolyte layer 1, Ni particles 10 and gas phase and but, as 
shown in Fig . Figure 3, also occurs in a three-phase interface 
of the solid electrolyte layer 1, YSZ (CeYSZ) particles 12 
containing Ce02 dissolved therein and gas phase, so that et the 
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field of electrode reaction is largely expanded as compared 
with the conventional fuel electrode. Furthermore, by using 
the metallo-organic compound as the material to produce the 
electrode in the process of Fig . Figure 3, the CeYSZ fine 
particles 12 containing Ce02 dissolved therein are dispersed in 
the fuel electrode, and the field of electrode reaction is 
therefore expanded further. 

In the present invention, the concentration of the 
transition metal in the yttria- stabilized zirconia (YSZ) 
containing the transition metal dissolved therein is in the 
range of 1 mol% to 30 mol%. At the a concentration of the 
transition metal of less than 1 mol%, the contribution to 
enhancement of the electronic conductivity in YSZ is in the 
range of small to provide no effects, while at the 
concentration of 30 mol% or more, the ion conductivity in YSZ 
is inhibited, thereby lowering the electrode performance. 

Moreover, in the present invention, for the volume 
fraction of the yttria-stabilized zirconia containing the 
transition metal dissolved therein in the fuel electrode, at 
1% or less no effects are provided, while at 50% or more the 
conductivity of the cermet is lowered. Therefore, it is in 
the range of 1% to 50%. 

Furthermore, the Ni concentration in the fuel 
electrode is in the range of 20% to 95% e^fe — the as a volume 
fraction. At 20% or less, there is no passing of Ni in the 
fuel electrode, and the resistance of the fuel electrode 
itself is increased. At 95% or more, much Ni is flocculated, 
and the fuel electrode is easily deteriorated. 

Additionally, in the present invention, hydrolysis 
is performed using moisture in air. Water may positively be 
added, but by using the moisture in air to gradually perform 
the hydrolysis, the polymerization degree of the next-step 
polycondensation reaction is easily controlled. 
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A second embodiment of the present invention will 
next be described with reference to Fig . Figure 4 . 

Fig . Figure 4 is a schematic explanatory view of a 
structure of a fuel electrode according to the second 
embodiment of the present invention. As clarified from Fig . 
Figure 4, according to the second embodiment, Ce02 particles 
(SDC particles) 11 containing, for example, samaria (Sm203) 
dissolved therein and Ni particles 10 are uniformly dispersed 
on one surface of the solid electrolyte layer 1, and the fuel 
electrode is formed of the cermet with YSZ (CeYSZ) fine 
particles 12 containing Ce02 particles dissolved therein or 
electrolyte films uniformly deposited among the particles. 
Therefore, there is provided a structure in which the SDC 
particles 11 and CeYSZ fine particles 12 inhibit the Ni 
particles 10 from being flocculated with one another. 

The process for producing the fuel electrode shown 
in Fig . Figure 4 is as follows: 

A solution of a metallo-organic compound of yttrium 
(Y) and a solution of a metallo-organic transition-metal 
(tentatively referred to as M) compound are added to a 
solution of a metallo-organic compound of zirconium (Zr) to 
prepare a mixed solution of Zr, Y- — Mt and M. NiO powder and 
cerium oxide powder containing a divalent or trivalent metal 
oxide dissolved therein are further mixed to prepare a slurry. 
In the slurry, hydrolysis, polycondensat ion, pyrolysis, 
annealing and reduction of the mixed salt of Zr, Y, M are 
performed successively to obtain a cermet composed of yttria- 
stabilized zirconia (YSZ) particles containing the transition 
metal dissolved therein, nickel (Ni) particles and cerium 
oxide particles containing a divalent or trivalent metal 
dissolved therein . 

Also in the second embodiment, for the same reasons 
as the first embodiment, the concentration of the transition 
metal in the yttria-stabilized zirconia (YSZ) containing the 
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transition metal dissolved therein is in the range of 1 mol% 
to 30 mol%, and the volume fraction of the yttria-stabilized 
zirconia containing the transition metal dissolved therein in 
the fuel electrode is in the range of 1% to 50%. Moreover, 
the second embodiment is the same as the first embodiment in 
that hydrolysis is performed using the moisture in air, and 
the Ni concentration in the fuel electrode is in the range of 
20% to 95%. 

Additionally, in the second embodiment, for the 
cerium oxide containing the divalent or trivalent metal 
dissolved therein, at the a volume fraction of the particles 
in the cermet of less than 1% no effect results from the 
addition of the cerium oxide powder, while at 70% or more the 
volume fraction of the Ni particles is excessively small to 
lower the performance as the fuel electrode. Therefore, it is 
set in the range of 1% to 70%. 

Moreover, the divalent or trivalent metal oxide in 
the second embodiment is one, or a combination of plural ones, 
of BeO, MgO, CaO, SrO, BaO, Sm203, Y2O3, La203 , Gd203 , SC2O3, 
Pr203, Nd203, EU2O3, Yb203/ Dy203, and H02O3 . These metal oxides 
have a function of enhancing the conductivity of cerium oxide. 

Furthermore, the cermet of the present invention has 
a structure in which surfaces of Ni particles and surfaces of 
cerium oxide particles containing divalent or trivalent metals 
dissolved therein are covered with the yttria-stabilized 
zirconia containing the transition metal dissolved therein in 
a form of thin films or fine particles. When the surfaces are 
covered with thin films, the flocculation of Ni particles can 
be suppressed. When they are covered with fine particles, the 
flocculation of Ni particles is effectively suppressed, and 
the electrode reaction field is further effectively enlarged. 

Examples of the present invention will next be 
described together with comparative examples. 
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First, rcapcGto aspects common to the examples and 
comparative examples will be described below. As the 
conditions for producing the fuel electrode, NiO powder having 
an average particle diameter of 0.9 \im, SDC powder having an 
average particle diameter of 1.5 |am (SDC indicates CeOa 
containing Sm203 dissolved therein, and its composition formula 
is Ceo.8Smo.20i.9) , and a toluene, acetyl acetone solution of 
cerium (Ce) octylate and zirconium octylate (the solution is 
adjusted in such a manner that the composition after pyrolysis 
is (Ce02) o.i{ (Zr02) 0.92 (Y2O3) o.oslo.g) ) are mixed in such a manner 
that the weight ratio after the pyrolysis is 

NiO : SDC : (CeOs) 0.1 { (ZrOs) 0.92 (Y2O3) o.o8}o.9 = 0 . 81 : 0 . 09 : 0 . 1 . After 
hydrolysis and polycondensation are performed to provide an 
appropriate viscosity, screen printing is performed on the 
solid electrolyte plate. Subsequently, the pyrolysis is 
performed at 400*^C, post-calcining (annealing) is performed at 
1450°C, and reduction is then performed at 1000°C in a 
reducing atmosphere. On the other hand, as evaluation 
conditions (trial — experiment ( i . e > , trial experimental 
conditions of a fuel cell), air is used in an oxidizing agent, 
and an output current of the fuel cell is 0.3 A/cm^ . 
Example 1 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 90 wt% 

YSZ concentration in the cermet: 10 wt% 
Amount of Ce dissolved in YSZ: 10 mol% 

Loadinga Loading of SDC powder: 0 wt% 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: lOOO^C 

Example 2 : 

(1) Other Producing Conditions 

the same as Example 1 

(2) Other Evaluation Conditions 
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Fuel : hydrogen 

Operation temperature: 900°C 

Example 3 : 

(1) Other Producing Conditions 

the same as Example 1 

(2) Other Evaluation Conditions 

Fuel: hydrogen + H2O (21.5%) 
Operation temperature: 1000°C 

Example 4 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 81 wt% 

YSZ concentration in the cermet: 10 wt% 
Amount of Ce dissolved in YSZ: 10 mol% (Material of 

CeYSZ: metallo-organic compound) (particle diameter of 1 p.m 

or less) 

Loadingo Loading of SDC powder: 9 wt% (Material of 
SDC: SDC powder (particle diameter of some microns)) 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 1000°C 

Example 5 : 

(1) Other Producing Conditions 

the same as Example 4 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 900°C 

Example 6 : 

(1) Other Producing Conditions 

the same as Example 4 

(2) Other Evaluation Conditions 

Fuel: hydrogen + H2O (2(1)5%) 
Operation temperature: lOOO^C 

Example 7 : 

(1) Other Producing Conditions 



19 



Ni concentration in the cermet: 60 wt% 
YSZ concentration in the cermet: 10 wt% 
Amount of Ce dissolved in YSZ: 10 mol% (Material of 

CeYSZ: metallo-organic compound) (particle diameter of 1 \ira 

or less) 

Loadingo Loading of SDC powder: 10 wt% (Material of 
SDC: SDC powder (particle diameter of some microns)) 
(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operat ion temperature : 1 0 0 0 ° C 

Example 8 : 

(1) Other Producing Conditions 

the same as Example 7 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 900°C 

Example 9 : 

(1) Other Producing Conditions 

the same as Example 7 

(2) Other Evaluation Conditions 

Fuel: hydrogen + H2O (2(1)5%) 
Operation temperature: 1000°C 
Comparative Example 1: 

(1) Other Producing Conditions 

Ni concentration in the cermet: 90 wt% 

YSZ concentration in the cermet: 10 wt% 
Amount of Ce dissolved in YSZ: 0 mol% 

Loadingo Loading of SDC powder: 0 wt% 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 1000°C 
Comparative Example 2 : 
(1) Other Producing Conditions 

the same as Comparative Example 1 
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(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 900 °C 
Comparative Example 3 : 

(1) Other Producing Conditions 

the same as Comparative Example 1 

(2) Other Evaluation Conditions 

Fuel: hydrogen + H2O (2(1)5%) 
Operation temperature: 10 00 °C 
Comparative Example 4 : 

(1) Other Producing Conditions 

Ni concentration in the cermet: 81 Wt% 

YSZ concentration in the cermet: 19 wt% 
Amount of Ce dissolved in YSZ: 0 mol% 

Loadinga Loading of SDC powder: 0 wt% 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 1000 °C 
Comparative Example 5: 

(1) Other Producing Conditions 

the same as Comparative Example 1 

(2) Other Evaluation Conditions 

Fuel : hydrogen 

Operation temperature: 900^C 
Comparative Example 6: 

(1) Other Producing Conditions 

the same as Comparative Example 1 

(2) Other Evaluation Conditions 

Fuel: hydrogen + H2O (2(1)5%) 

Operation temperature: 1000°C 
Comparative Example 7 : 
(1) Other Producing Conditions 

Ni concentration in the cermet: 60 wt% 

YSZ concentration in the cermet: 40 wt% 




21 



Amount of Ce dissolved in YSZ : 



0 mol% 



Loadingo Loading of SDC 



powder : 



0 wt% 



(2) Other Evaluation Conditions 
Fuel : hydrogen 

Operation temperature: lOOO^C 
Comparative Example 8: 

(1) Other Producing Conditions 

the - same as Comparative Example 7 

(2) Other Evaluation Conditions 

Fuel : hydrogen 
Operation temperature: 900°C 
Comparative Example 9: 

(1) Other Producing Conditions 

the same as Comparative Example 1 

(2) Other Evaluation Conditions 



Operation temperature: 900°C 

Fig . Figure 6 is a table showing producing 



production and evaluation conditions in the examples of the 
present invention and the conventional comparative examples. 



Additionally, Examples 1 to 9 correspond to the fuel 



electrodes of the present invention, while Comparative 
Examples 1 to 9 indicate conventional examples. 



Figo . Figures 7, 8t and 9 show changes in cell 



voltage with time when experiments are conducted on the fuel 
electrodes according to the above-mentioned examples of the 
present invention and the conventional comparative examples. 
In the drawings, an ordinate axis shows the cell voltage (v) , 
and an abscissa axis shows an operation time. 



Fig . Figure 7 is a graph of the experiments on the 



fuel electrodes by Examples 1, 4— and 7 of the present 
invention and conventional Comparative Examples 1, 4— and 7. 



Fuel : 



hydrogen 
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Fig . Figure 8 is a graph of the experiments on the 
fuel electrodes by Examples 2, 5— and 8 of the present 
invention and conventional Comparative Examples 2, 67^ and 8. 

Fig . Figure 9 is a graph of the experiments on the 
fuel electrodes by Examples 3, 6— and 9 of the present 
invention and conventional Comparative Examples 3, 6— and 9, 

Following The following is seen from Fig. Figure 7. 
When hydrogen is used in the fuel, the examples of the present 
invention are superior to the conventional comparative 
examples in both initial performance and durability i«r at 
1000 °C. This is because there are many electrode reaction 
fields, and the flocculation of Ni particles is prevented. 

Following The following is seen from Fig . Figure 8. 
Even when the temperature is lowered to 900 °C, the examples of 
the present invention are superior to the conventional 
comparative examples in both initial performance and 
durability. Moreover, voltage drops fey from the lowering of 
the temperature are smaller than Comparative Examples 2, 5— 
and 8. This indicates that the fuel electrode of the present 
invention has a low temperature and many electrode reaction 
fields. Especially, it is seen that the performance of the 
electrode loaded with SDC powder is high ift at 900 °C. 

It is seen from Fig . Figure 9 that even when the a 
mixture gas of hydrogen and steam is used in the fuel, the 
examples of the present invention are superior to the 
conventional comparative examples in both initial performance 
and durability. 

Fig . Figure 10 is a comparative graph of current- 
voltage characteristics of cells -ift at lOOO^^C using fuel 
electrodes produced in the same producing process as Examples 
1— and 4 of the present invention and Comparative Example 1. 

It is seen from Fig . Figure 10 that the cell having 
the fuel electrode according to the present invention has a 



23 

small voltage drop when currents are increased, and a small 
inner resistance. 

Fig . Figure 11 is a comparative graph of current- 
voltage, characteristics of cells 4^ at 900°C using fuel 
electrodes produced in the same producing process as Examples 
2— and 5 of the present invention and Comparative Example 2 . 

It is seen from Fig . Figure 11 that the cell having 
the fuel electrode according to the present invention has a 
small inner resistance even ifi at 900°C, 

Additionally, in the above description, the present 
invention has been disclosed as the fuel electrode and the 
producing process thereof, but it can be applied to an oxygen 
sensor and a producing process thereof. 
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